ABSTRACT: The seas around the Prince Edward Islands exhibit enhanced phytoplankton production and large populations of birds and seals. However, phytoplankton blooms are hardly utilised by holozooplankton grazers. Much of the phytoplankton biomass sinks to the seabed, supporting a nch benthos, and the link with higher trophic levels is unclear. A large population of the s h r~m p Nauticaris mariolus is concentrated in the inter-island plateau forming a suprabenthic layer extend~ng 5 to 10 m above the bottom. Megalope larvae of N. marjonis exh~bit verbcal d~urnal migration in the watercolumn and rhythms in gut pigment content. The main prey items in adult shrimp guts, however, are benthic suspension feeders and no grazing on phytoplankton occurs. Tkls suggests that, while megalope larvae utilize phytoplankton duectly as a food source, adult shrimps do so indirectly, via their grazing on benthic suspension feeders. As N. manonjs forms a large component of the stomach contents of many visual predators, this indicates a key role for the shrimp in making pelagic production indirectly available to large predators
INTRODUCTION
h k e many islands in the Southern Ocean, the Prince Edward Archipelago (47"S, 38"E) supports enormous seasonal populations of predatory pinnipeds and marine birds, the two combined being estimated in excess of 2 million (Williams et al. 1979 , Condy 1981 . The seas around the islands are also characterized by an island-mass effect which results in enhanced primary productivity levels and the repeated formation of dense phytoplankton blooms, with chlorophyll a concentrations of 1.5 to 3.0 mg m-3 (Boden 1988 , Perissinotto et al. 1990b . Utilization of these blooms by the community of planktonic herbivores is poor (Perissinotto & Boden 1989 ) and much of this production seems to be transferred to the rich benthic community by senescence and sedimentation. However, few of the island-based predators feed directly on the benthos (Condy 1981 , Brown & Klages 1987 , Espitalier-Noel et al. 1988 , Adams & Klages 1989 . This study examines the link between phytoplankton production and the maintenance of large predator populations by investigating the position of the abundant shrimp Nauticaris marionis in these food-webs.
Nauticaris marionis is a sub-Antarctic caridean shrimp with a distribution that ranges from southern New Zealand to the Prince Edward Islands. It is found in abundance at the Auckland and Campbell Islands, on the Campbell Plateau (Yaldwyn 1965) and is present, though not abundant, at both the Crozet and Kerguelen archipelagos (Ledoyer 1979) . The Prince Edward Islands represent the western-most limit of its distribution (Boden & Parker 1986) , and further west it is replaced by the congeneric N. mageLlanica which occurs at Gough Island, the Falkland Islands and in sub-Antarctic South America (Yaldwyn 1965) . Since the earliest benthic surveys of the Prince Edward Island seas, the local population of Nauticaris marionis has been noted for its high abundance, compared to populations at other sub-Antarctic islands (Bate 1888 , Ledoyer 1979 
MATERIAL AND METHODS
Sampling procedure. The Prince Edward Archipelago lies between Africa and Antarctica and consists of 2 small islands, Marion (area ca 300 km2) and Prince Edward (area ca 100 km2), 22 km apart on a shallow plateau of about 200 m depth. The plateau itself is roughly 1000 km2 in area and drops off sharply into deep waters (3000 m; Fig. 1 ). The benthic epifauna of the islands was sampled during 4 cruises of the SA 'Agulhas' in November 1983 , March 1984 , April 1987 and April 1989 . A total of 65 stations were dredged by means of a D-net (0.5 m2 aperture) fitted with a depressor plate, towed at about 0.5 m S-', or using a scallop dredge towed at 2 knots. Net hauls in the suprabenthic layer were also made during April 1989, using 500 +m mesh Bongo and 4 mm mesh RMT-2 nets. The fishing depth of the nets was controlled by a Universal Underwater Unit (U3) while the target layers were identified with a SIMRAD 120 kHz echo-sounder.
In addition, in situ photographs of the benthic community were taken at 30 stations along 3 transects between Marion and Prince Edward islands, using an underwater camera deployed from the shlp.
Dredged samples were sorted into taxa and a determination of the biomass (expressed as g wet wt m-' of substratum) was carried out for the major components of the epibenthic community.
Feeding biology. Gut content analyses were performed on preserved adult Nauticaris marionis sampled in 1984, 1987 and 1989 at stations located on the inter-island plateau. The guts of 30 male and 30 female shrimps were removed and their contents examined under 400 X magnification.
Possible grazing of phytoplankton blooms by Nauticaris marionis was examined by size-selectivity grazing experiments. Naturally occumng phytoplankton was collected with a submersible pump and concentrated on 0.2 pm Nuclepore filters to experimental concentrations of about 1.5 pg chl a 1-l. Three experimental 2 l bottles, each containing 3 shrimps, and 2 control bottles with no shrimps, were filled with the phytoplankton mixture and rotated on a plankton wheel (ca 1 rpm) in the dark, in a cold room (ca 9 to 
RESULTS

Benthic community
Biomass data for November 1983 and March 1984 show that Nauticaris rnarionis is a major component of the benthlc community, being second in importance in terms of biomass only to bryozoan suspension feeders (Fig. 2) .
Net tows and dredge samples showed that Nauticaris marionis is widely distnbuted around the Prince DOMINANT TAXA OF THE BENTHIC COMMUNITY On the inter-island plateau the shrimp forms a suprabenthic layer which extends 5 to 10 m above the bottom and can be detected as a distinct scatterer with a 120 kHz echo-sounder (Fig. 3) . Abundance estimates from dredge samples are as high as 25 ind. m-2, but photographs of the bottom show much higher densities, with a maximum of about 80 ind. m-2 at 61 m depth, on the southeast coast of Marion Island (Stn 5). However, as photos were taken from ca 2.2 m above the bottom (i.e. beneath the scattering layer), it is possible that even this value represents a significant underestimate of the true population density.
The dredge samples collected in autumn (March/ April) usually consisted of a mixture of adult shrimps and megalope larvae. A typical carapace size distribution of the population of Nauticarjs marionis during this period is given in Fig. 4 . No larval stages were recorded in early summer (November). While adult shrimps were very sparsely represented in net tows away from the benthic layer, the megalope larvae were regularly found in midwater RMT-2 hauls. This occurred mostly during night-time, when megalope concentrations of up to 3 ind. m-3 were recorded in the upper layer.
Feeding biology
The main prey items in the gut contents of Nauhcaris marionis were benthic suspension feeders such as bryozoans, foraminiferans, corals and harpacticoid copepods (Table 1) . There was a significant difference in frequency and abundance of some items between male and female stomach contents. In particular, males ingested more foraminiferans and bryozoans and fewer copepods than females. Also, large prey species such as euphausiids and amphipods were found only in female stomachs. Gut contents of both sexes (adults) included a relatively small amount of unidentifiable amorphous material, but no recognizable plant fragments, either phytoplankton or macrophyte, could be found in this material.
Grazing experiments on phytoplankton suspensions showed that none of the size fractions of the naturally occurring algal community were ingested by adult Nauticaris marionis (t-test, p > 0.05). However, phytoplankton pigments (chlorophyll a and phaeopigments) were detected in the gut content of megalope larvae. Larvae also exhibited strong diurnal feeding rhythms with night-time gut pigment peaks reaching maximum (Fig. 5) .
DISCUSSION
The marine ecosystem of the Prince Edward Archipelago experiences repeated, seasonal occurrences of phytoplankton blooms concentrated in the inter-island region (Allanson et al. 1985 , Boden 1988 Perissinotto et al. 1990b ). The bulk of the biomass of these blooms is composed of net-size phytoplankton (200 to 20 pm), while the contribution of the nano-(20 to 1 pm) and picoplankton (1 to 0.2 pm) to the local community is quite low, compared to other areas of the Southern Ocean, and amounts to only 21.5 f 6.33 % of the total (El Sayed et al. 1979 ). The diatoms Rhizosolenia curvata and Chaetoceros radicans and the silicoflagellate Dictyocha speculum dominate the bloom communities of the Prince Edward Archipelago (Allanson et al. 1985 , Boden 1988 . None of these species is known to be a staple in zooplankton diets (Schnack 1979 , Perissinotto & Boden 1989 . Indeed, size-selectivity experiments on zooplankton feeding on naturally occurring phytoplankton show that the zooplankton community of the Prince Edward Island seas has very little grazing impact on the net-size phytoplankton (Perissinotto & Boden 1989 , Perissinotto et al. 1990a ). This implies that the rich food source stored in the phytoplankton blooms is scarcely exploited by the pelagic herbivores. Although some degree of horizontal dispersion of the blooms does probably occur, it seems likely that most of this biomass sinks below the mixed layer in the form of senescent phytoplankton cells and/or resting spores. Recent measurements of the sedimentation rate of particulate matter in the area, by means of moored traps, indicate that relatively high values can occur, especially in the shallowest part of the inter-island region (up to 40 g of suspended solid m-2 d-'; Bailey unpubl.). Also, resting spores, particularly of Chaetoceros radicans in the bloom stage, have often been found in the phytoplankton of the Prince Edward Islands and appear to corroborate a direct link between pelagic primary producers and benthic suspensoid feeders (Fryxell et al. 1981 , Perissinotto & Boden 1989 .
The megalope larvae of Nauticaris marionis exhibit both vertical diurnal migration in the water column and rhythms in gut pigment content (Fig. 5) which clearly indicate nocturnal feeding and the ability to utilise phytoplankton as a food source. Adult shrimps, however, do not graze on phytoplankton and the large resident population is maintained only indirectly by pelagic production. Gut contents of N. marionis reveal the overriding importance of benthic suspension feeders (Table 1 ) which are themselves maintained at high densities by imports from the upper mixed layer of the water column.
Differences between gut contents of male and female shrimps are likely to be artifactual as mean size for females (32.3 k 4.5 mm) was significantly higher than for males (25.6 f 3.3 mm). Combined abundance data for both sexes indicate that over 90 % of gut contents was formed by bryozoans (54 %) and benthic foraminiferans (40 %), the former being a particularly important component of the benthic community ( Fig. 2 ; Parker 1984, Gianakouras unpubl.) .
A number of recent investigations on the ecology of the seabird con~munity of the Prince Edward Archipelago have revealed the importance of Nauticaris marionis as a prey item (Table 2) . To our knowledge, in no other Southern Ocean ecosystem has N. marionis been found to be an important component of the diet of seabirds (see review by Croxall 1987) . At the Prince Edward Islands, N. marionis is the dominant prey item in the diets of Gentoo penguin and Imperial cormorant, contributing respectively 26 and 19 % by mass to their total annual food consumption (Espitalier-Noel et al. 1988 , Adams & Klages 1989 . In 1983/84 the shrimp was the most abundant crustacean in the diets of both Macaroni and Rockhopper penguins, constituting 40 and 60 O/O, respectively, of all crustacean items identified in their stomachs (Brown & Klages 1987) . The shrimp has also been recorded in the stomach contents of the inshore fish Paranotothenia magellanica (Blankley 1982) and the starfish Anastenas rupicola (Blankley & Grindley 1985;  Table 2 ). Thus, the local stock of N. marionis helps to support both land-based and marine predators.
Enhancement of pelagic primary production by the island-mass effect helps the archipelago to sustain high densities of pelagic predators, but only indirectly, through coupling with the benthic food-web. Phytoplankton production appears to be transferred to the benthic community by sedimentation and on to higher trophic levels via the effects of benthic grazing by Nauticaris marionis. This indicates a key role for the shrimp in making pelagic production available to large visual predators. 
